With the development of electric and electronic devices, in order to ensure their reliable work, the demand for the quality of electrical energy is becoming more and more high. However, the harmonic components seriously affect the quality of the power grid, and will cause uneven distribution of Grid inverter, series and parallel resonance, excitation current and fault current. By changing the impedance characteristics of the grid connected inverter, the virtual impedance technology can solve the impact of the above problems. It is easy to realize and is widely used. This paper will describe the application and implementation of virtual impedance technology for grid connected transformer.
Introduction
In recent years, micro grids are often used to implement the conversion between grid and island modes, while reducing the impact of new energy access systems and improving the quality of power and the stability of the power supply system. However, due to its structural composition, there are some disadvantages in working. 1) Inverter power distribution is uneven. Inverters in microgrids are usually connected in parallel using droop control, and the line impedance between each inverter and the point of common coupling is inductive. The line impedance of each inverter to the common coupling point is indefinite and depends on factors such as the installation position. As a result, the output voltages of the inverters are not the same, thereby affecting the uneven power distribution of the inverter. 2) Series and parallel resonance. The network impedance of the microgrid is complex and can easily cause various series-parallel resonances. In severe cases, it can cause power supply tripping for no reason. 3) Harmonic pollution. A large number of non-linear element accesses generate a large amount of non-linear loads, causing serious harmonic pollution in the circuit. 4) Power failure. Power electronics such as inverters in the microgrid can withstand limited overcurrents. When there is a problem with the circuit, excessive accident currents can damage the equipment and cause power outages.
System Structure of Grid-Connected Inverter
The inverter is a nonlinear system so the output waveform contains harmonic components and an LC filter is connected to the inverter output. The output waveform of the inverter containing the harmonic component will be distorted when passing through the transmission line containing the coupling impedance, resulting in the reduction of the power quality transmitted to the micro power grid. In this circuit, virtual impedance technology can be introduced so that the impedance characteristic of the inverter output impedance at the odd harmonic frequency is resistive, reducing the harmonic voltage drop on the transmission line. The total impedance of each inverter system shown in Fig. 1 contains the impedance on the transmission line and the output impedance of the inverter itself. According to the operation principle of two generators connected in parallel, when the two inverters can be unloaded, the reactive power Q1 and Q2 output from each inverter are:
In equation (1), E1 and E2 are the no-load voltage values of inverters 1 and 2, respectively. According to the circuit principle analysis available: (2) From equations (1) and (2) , it can be seen that when the total output impedance of each inverter system changes and is not equal, when the voltage values of E1 and E2 are the same and the phases are different, circulation will occur in the circuit, where I h can be expressed as : (3) According to the above formula, when two equal-capacity inverters are connected in parallel, if the linear impedance of each inverter system is not equal, it will inevitably cause a circuit to generate a circulation. Therefore, the size of circulation I is paralleled by two units. The magnitude and phase of the output voltage during inverter operation are inversely proportional to the output impedance of each inverter.
Application of Virtual Impedance Technology

Droop Control Optimization
In the conventional droop control, the power of the system is distributed by adjusting the droop coefficient of the inverter. Its droop characteristic expression is as follows:
In the above equation, m is the active droop coefficient, n is the reactive droop coefficient, and x represents the inverter number.
According to the circuit shown in Figure 1 in combination with Kirchhoff's second law, the equation for obtaining the output voltage of the inverter is as follows:
Using the dq transform, known as the Parker transform, equation (5) is transformed into the dq coordinate system. Its expression is:
It can be seen from the above equation that although the q-axis and d-axis voltage control models are the same, their respective given voltages are different, the voltage on the q-axis is given u q * =0, and the given voltage on the d-axis is u d * =E 0 . When the inverter works normally, assuming that the voltage reaches a given value, combined with (6), we get:
Therefore, in order to ensure the normal operation of the droop control, an additional reactance should be introduced by using the relationship between the reactive droop coefficient nc and the reactance x, but the prerequisite is to ensure that the output impedance of the inverter system is inductive. Because the transmission paths between inverters are different, resulting in different circuit impedances, it is necessary to introduce a certain resistance value of the virtual impedance r. Its expression is:
In practical circuits, the circuit is mainly purely resistive or resistive. However, due to the different line impedances, it is difficult for the traditional droop control to accurately distribute the power of each inverter. To ensure that the system can better adjust the power of each inverter when the circuit load changes, the new droop control structure diagram that introduces virtual impedance is shown in Figure 2 . In order to improve the anti-disturbance capability of the system, the load voltage is used as the feedback compensation, where Zv is the virtual impedance, including the virtual resistor r and the virtual reactance X. By adjusting the impedance of the system, the parallel inverter system can achieve accurate power distribution.
Suppression of Harmonic Generation
When a DG is connected to a diode rectifier or a non-linear load, the harmonic current generated by the non-linear load will form a harmonic voltage on the line impedance, which will adversely affect the operation of the inverter. The virtual impedance can reshape the output impedance of the inverter at each harmonic frequency, which can not only effectively solve the harmonic problems caused by non-linear loads, but also effectively suppress the harmonics transmitted from the large grid side by step [3] . At this stage, the virtual impedance is used to suppress harmonics. First, each harmonic current is separated from the output current of the inverter, and then each harmonic current is separately compensated. The more common method to separate harmonic currents is to obtain the dq components (including the interference quantity) of each harmonic current through the rotation transformation [4] . Then, the other interference quantity is filtered by the low-pass filter, and finally each harmonic current component is obtained. The structure is shown in Figure 3 . In Figure 3 , i0 αβ denotes the output current of the inverter in the two-phase coordinate system. ω f is the fundamental frequency and ω c is the cut-off frequency of the low-pass filter (LPF). Each harmonic current is extracted from the output current. When the voltage drop of the virtual harmonic negative inductance and the virtual harmonic negative resistance and the harmonic voltage drop of each harmonic current on the line impedance cancel each other negative sequence, the harmonic suppression function can be realized. When virtual impedance technology is used for multiple harmonic compensation, because each harmonic needs to be separately set to compensate virtual impedance, its hardware equipment will be more complicated in practical applications.
Suppression of Resonance
The inverter can also be connected to the large power grid through a filter, but the LCL filter will produce a resonance phenomenon and it is easy to have a resonant peak at the resonant frequency.The resonant peak in the circuit amplifies the harmonics in the circuit, causing the inverter to trip for no reason. At the same time, causing parallel resonance may even cause series resonance between the microgrid system and the large power grid, making the resonance phenomenon more complicated.
The principle of virtual impedance suppression resonance is through the control method in the LCL filter on the inverter side of the filter inductor L1 branch series virtual resistance, or in the filter capacitor C branch parallel virtual resistance, increase the damping, virtual impedance suppression resonance as shown in Figure 4 As shown, the overall structure is shown in Figure 5 . 
Limiting the Accident Current
When a fault occurs in the system, a large fault current will be generated, and the ability of the power electronic device to withstand overcurrent is limited. In the event of a fault in the microgrid, the current must be limited [5] . The principle of the virtual impedance limiting fault current is to reduce the voltage loop reference voltage value [6] by the virtual impedance voltage drop, thereby reducing the current reference value and eventually reducing the output current. However, the steady-state voltage drop of the virtual impedance affects the function of voltage adjustment, resulting in a large reactive power error. After adjusting the voltage reference of each DG to regulate the steady-state voltage drop of the virtual impedance, the normal virtual impedance is replaced with the transient virtual impedance.
In the dq coordinate system, the positive sequence fundamental steady-state current is a constant value and will be filtered out by the high-pass filter. At steady state, the voltage drop across the virtual impedance becomes zero, thus eliminating the steady state voltage drop. When the current is too large, the current limit can be achieved through additional impedance, as shown in Figure 6 . The combined use of transient virtual impedance and additional virtual impedance eliminates the steady-state pressure drop and enhances system stability.
Suppression of Inrush Current
In the actual circuit, usually the grid-connected inverters are connected to the power grid through step-up transformers. When the grid voltage suddenly drops, it will cause the magnetic flux to stay in the transformer for a long time. When the grid voltage returns to normal, if the magnetic flux deviation is not removed yet remains in the transformer, excitation current will be generated . In order to solve this problem, we construct a DC dummy resistor to speed up the consumption of the magnetic flux offset left in the transformer, as shown in Figure 7 . According to Kirchhoff's current law, the current expression is as follows: In order to facilitate the addition of a dummy resistor through a control method on the grid-connected inverter side, the above equation (11) 
